144   THE INTERNAL COMBUSTION ENGINE [chap, v
with high-speed engines this is not usual. Two observers can
carry out the above tests. When tests are made not as a
matter of workshop routine but as a matter of special research
in workshop or college laboratory a very large number of addi-
tional tests are carried out and many observers are needed.
Indicated horse-power is deduced from the indicator dia-
gram, obtained in the manner already described, and the
record of the number of explosions per minute. The work
done in ft.-lb. in a working stroke is
Mean effective pressure in Ib. per sq. inch X area of
piston in sq. inches X length of stroke in feet.
This, multiplied by the number of working strokes per minute
and divided by 33,000, gives the I.H.P.    This is, of course,
the same as the formula —^ — ' — '-  given in   books  on the
33,000
steam engine, but it must be observed that N must be taken
as the number of working strokes per minute, not the number
of revolutions per minute, i.e. in a four-cycle engine N cannot
be more than half the number of r.p.m. and may be much less
if the governor should be cutting out explosions.
Brake horse-power is the power exerted at the crank-shaft
and it is measured by applying a frictional load to the fly-
wheel, as shown in Fig. 44. A test of this kind is often called
a " bench test." A number of wooden blocks are fitted loosely
to the rims of the flywheel and connected together by one or
more ropes or by a canvas belt. A number of heavy weights
are hung as atPxand a spring balance is placed at P2. The
distance D is measured in feet. As the force due to the weights
px is greater than the force at P2 there will be a force acting
against the direction of the arrow of px — P2. The work done
therefore by the flywheel in one revolution in the direction of
the arrow = force X distance moved
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and if there be N revolutions per minute the
BHp.JPi— Pt)X?rDxN
33,000
As this power is all being spent in friction it produces heat,
 in

